OBJECTIVE: Varicose veins of the lower extremities is a common clinical condition. Although surgical treatment is often successful, the recurrence rate remains high. This retrospective study evaluated the reasons for postoperative recurrence of varicose veins by analysing ultrasonography and venography findings in patients with recurrent disease. METHODS: A series of consecutive cases of recurrent varicose veins of the lower limbs was reviewed. Data collected included clinical characteristics, symptoms and vascular imaging. RESULTS: The study included 109 legs with recurrent varicose veins (92 patients): 101/109 legs (92.7%) showed perforating vein insufficiency and 86/109 (78.9%) showed reflux of the superficial femoral vein, of varying degrees of severity. Residual saphenous vein was recorded for 82 legs (75.2%), while 19 (17.4%) had blocked iliac veins due to post-thrombotic syndrome. CONCLUSIONS: Several factors that may contribute to varicose vein recurrence have been identified. These include failure to ligate perforating veins and initial failure to perform the appropriate surgical intervention. Prevention of varicose vein recurrence after surgical correction requires a more extensive use of preoperative imaging, to tailor surgical intervention to suit individual patients.
Introduction
Lower extremity varicose veins is a common clinical problem, affecting up to 25% of women and 15% of men globally, 1 with a higher incidence (50%) in people aged > 50 years. 2 The incidence of this condition is rising: lower extremity varicose veins has become one of the most common vascular diseases. 1 Early symptoms of varicose veins include circuitous and dilatated superficial veins in the lower legs. Patients often complain of pain when standing that disappears when they lie down or walk. The impairment of blood circulation can result in skin dystrophy including skin atrophy, desquamation, pruritus, pigmentation, and skin and subcutaneous tissue scleroma. Eczema and ulcers can form, especially in the lower segment of the dorsum pedis, ankle and lower leg. Skin ulceration and prolonged wound healing may be seen in severe cases. 3 Surgical correction remains the most effective treatment for lower extremity W Lv, X-J Wu, M Collins et al.
Varicose vein recurrence varicose veins. Trendelenburg's procedure was based on mobilization and incision of the vena saphena magna between two ligatures in the middle of the thigh, as described by Herman et al. 4 Later, Homans 5 suggested that stripping (removal) of varicose veins should be performed in addition to high saphenous vein ligation. Stripping of the perforating veins may also be performed, as described by Hirsch and Dillavou. 6 This three-operation method became the surgical procedure of choice for the treatment of lower extremity varicose veins, but the postoperative recurrence rate remained high, ranging between 7 and 65% after long-term follow-up. 7 -12 The recurrence rate of great saphenous vein (GSV) reflux was reported to be 18% after ligation and stripping, and 45% after high ligation alone, occurring as early as 3 months after treatment. 11 Another study observed a recurrence rate of 29% after GSV ligation and stripping, and 71% after high ligation alone. 13 The reasons for varicose vein recurrence are poorly documented and little understood, however.
This retrospective, single-centre study reviewed clinical manifestations and imaging findings from patients with recurrence of previously treated varicose veins, in order to evaluate the reasons for postoperative recurrence.
Patients and methods

STUDY POPULATION
This retrospective analysis included consecutive cases of recurrent varicose veins who presented to Shandong Provincial Hospital between August 2005 and August 2011. All patients had undergone previous surgery for their varicose veins. The study was approved by the Shandong Provincial Hospital Ethics Committee and written informed consent was obtained from all patients.
DIAGNOSTIC INVESTIGATIONS
All patients included in the study underwent a detailed history and physical examination, including the Perthes test for deep venous patency, 14 the Pratt test for femoral deep vein thrombosis 15 and the Trendelenberg test for valve compentency. 16 Patients were also classified according to the clinical severity, aetiology or cause, anatomy, pathophysiology (CEAP) criteria. 17
COLOUR DOPPLER ULTRASONOGRAPHY
All patients underwent colour Doppler ultrasonography flow imaging of the lower leg (iU22 Ultrasound System; Philips, Amsterdam, The Netherlands). Patients stood with their lower legs fully exposed, with both hands supported by a fixed object. Legs were kept completely relaxed; the patient's centre of gravity was shifted to one leg while the other leg was abducted slightly. Lumen diameters of the common femoral vein, superficial femoral vein, GSV, popliteal vein and crus perforating veins were measured. Perforating vein insufficiency was classified on the basis of the criteria from Nelzén 18 and Rutherford et al., 19 with dilatation confirmed if the lumen diameter of the perforating vein was ≥ 2 mm. Reflux in the crus perforating veins was recorded. Deep venous reflux was considered possible if the reflux duration was > 0.5 s during a pressure release test ( Table 1 ).
VENOGRAPHY
Ascending venography via femoral venipuncture was undertaken in the following circumstances: (i) inconclusive diagnosis after noninvasive tests; (ii) results of noninvasive tests were normal but deep venous thrombosis was suspected; (iii) history of venous disease with possible new deep venous thrombosis; (iv) history of surgery with contraindications for heparin 20 Patients undergoing venographic examination were placed in the supine position; tourniquets were then applied to the top of the thigh and the ankle in order to occlude the superficial veins. Access was gained via the femoral vein and 20 -100 ml of radiographic contrast agent (Omnipaque™ [iohexol] injection; GE Healthcare, Little Chalfont, UK) was introduced by rapid intravenous infusion via a superficial vein. The anatomy of the deep and iliac veins, and any perforating vein reflux, was observed with real-time imaging (Innova™ 2100IQ; General Electric, Fairfield, CT, USA), manually applying pressure to the gastrocnemius muscle (gastrocnemius extrusion test) if necessary. The tourniquet on the upper leg was then loosened and the patient was asked to perform a Valsalva manoeuvre, during which the morphology and function of the valves in the femoral vein and GSV were evaluated, as well as the presence of reflux. The tourniquet on the ankle was then loosened to allow venographic observation of the superficial veins. Reflux of > 1 s duration indicated valvular insufficiency of the superficial femoral veins.
Results
The study included 92 consecutive cases of recurrent varicose veins (52 males and 40 females, mean age 43.3 years, range 21.6 -65 years). A total of 109 lower limbs (77 left legs and 32 right legs) with varicose vein recurrence were examined, including 17 bilateral cases. The duration of symptoms was 3 -25 years (mean 14 years).
Details of previous surgical procedures and recurrence rates are given in Table 2 . The type of surgical intervention could not be identified from the available documentation (Table 3) . Ultrasonography findings are summarized in Table 4 . Residual segments of the GSV or large GSV branches were observed in 82 legs (78 patients). In these cases the remaining vein and its branches were thickened and distended: imaging showed cystic dilatation without clear valve structure. In addition, colour Doppler ultrasonography showed femoral venous blood flow through a dysfunctional femoralsaphenous vein valve or through unligated branches of the saphenous vein. Of the 77 legs (74 patients) with deep venous valve insufficiency, 42 (39 patients) showed valvular insufficiency of the superficial femoral veins. Perforating vein insufficiency was observed in 101 legs (87 patients). All 101 legs showed drainage of venous blood from shallow to deep during occlusion of the superficial femoral veins, with flow direction reversed on release of pressure.
Venography was performed in 86 legs (80 patients). Data regarding primary deep venous valve insufficiency, graded according to the Kistner classification system, are shown in Table 5 . Contrast flow into superficial veins was observed in 81 legs (75 patients). The veins in these legs appeared to be tangled and swollen due to perforating vein valvular insufficiency. Obvious venous reflux was seen during the Valsalva manoeuvre. Imaging showed either substantial vein dilatation and no clear valve insufficiency, or expansion and distortion of the superficial vein with
CEAP classification
No. of legs (%) There was one case of substantial pelvic collaterals ( Fig. 1 ).
Post-thrombotic syndrome of the lower extremity resulting in blocked veins was observed in 19 legs (16 patients), in all of which the deep veins had coarse walls, narrow lumens, absent valve structures, collateral or recanalized veins (Fig. 2 ) and many reticular lateral venous branches. Cockett syndrome was seen in one leg (Fig.  3) , with marked distension of the common iliac vein and partially occluded veins with extensive collateral circulation. Klippel-Trenaunay syndrome was observed in three legs from two patients with extensive abnormalities in the superficial veins of the lateral limb. To the lower leg 21 (20) 4 To the ankle 0 
Discussion
Lower extremity varicose veins is the most common disease of the venous system and the associated pathological changes are often progressive in nature. 21 Varicose veins are often painful and considerably affect a patient's quality of life. 22 High ligation of the GSV and stripping of varicose veins is a wellestablished surgical treatment, but the high postoperative recurrence rate remains a challenging clinical problem. The present study, which involved 92 patients presenting with recurrent varicose veins of the lower limbs, identified several factors that appear to contribute to recurrence.
Preoperative identification of perforating vein reflux by ultrasonography or venography should prompt the ligation of perforating veins, and may be an important means of reducing varicose vein recurrence in patients. Blood from the deep veins can still reach the superficial veins postoperatively via the perforating veins if they have not been ligated. The perforating veins are left intact in some cases, even if high ligation and stripping of the GSV or deep vein reconstruction has been performed, in order to avoid local bleeding and skin malnutrition. In a similar mechanism to stasis ulcers, the residual saphenous vein, superficial veins and perforating veins are important in chronic ulcer formation in varicose veins. Reducing Varicose vein recurrence venous congestion around ulcers can promote healing. 23 Blood flow direction in the perforating veins can be observed clearly with dynamic colour Doppler ultrasonography. A study found that 60% of venous stasis ulcers had insufficiency of the perforating veins and were associated with abnormalities of the deep or superficial venous systems. 24 In addition, 97.5% of stasis ulcers were found to be related to reflux in the perforating veins. 25 Clinical practice also confirms that ligating perforating veins with a lumen diameter ≥ 2 mm, especially those veins with reflux, can accelerate ulcer healing and reduce recurrence. 26 Varicose veins are often the prodrome of primary deep venous valve insufficiency in the leg. 27 Patients with varicose veins may or may not have primary deep venous valve insufficiency, suggesting a need for greater understanding of this risk factor prior to surgical correction. Patients with primary deep venous valve insufficiency, however, almost always have varicose veins. 28 All patients with varicose veins -especially those with severe varicose veins, swelling or dystrophy of the lower leg -should undergo further examination for evaluation of potential deep venous valve insufficiency, 27 using either colour Doppler ultrasonography or venography. Lower extremity venography is an excellent modality for the evaluation of valve insufficiency as it provides a complete view of the venous anatomy, thus allowing for a better understanding of the deep, superficial and perforating veins, and their valve function and morphology. 29 This is essential for ascertaining aetiology and improving surgical treatment to avoid recurrence.
If valve insufficiency is present below the popliteal vein, any haemodynamic changes can be compensated for by the muscle pump effect of the gastrocnemius muscle and will not lead to obvious symptoms. If, however, valve insufficiency is above the level of the popliteal vein, the blood column pressure is too high to be overcome by the gastrocnemius pump. In this situation gastrocnemius contraction not only fails to overcome vein reflux, but may aggravate it by pushing more blood into an already distended and refluxing vein. 30 Those patients whose clinical symptoms cannot be improved with conservative treatment should, therefore, be considered for deep venous valve repair. Intravenous valve repair addresses the cause of the problem directly, but the procedure is complicated and frequently leads to postoperative thrombosis. 20 Care must be taken not to create femoral vein stenosis when narrowing the vein circumference.
There was a high incidence of residual segments of the GSV and/or substantial GSV branches in the present study, despite patients having undergone previous high ligation and stripping. Femoral vein blood flow returns to the branches of the GSV through the dysfunctional saphenousfemoral vein valve, resulting in gradual expansion and thickening of the branches. Additional collateral formation led to recurrent symptoms in some patients in the current study. The presence of residual segments of the GSV has several possible explanations, including anatomical variation. The GSV generally has four or five branches, but a study of 2089 cases found that 18.1% of patients had duplicate veins with the number of branches ranging from one to 10. 31 The branches of the GSV have a rich collateral circulation, therefore ligation of the saphenous vein and its major branches may be insufficient. Residual segments of the GSV may also be explained by a decision on the part of the surgeon not W Lv, X-J Wu, M Collins et al.
Varicose vein recurrence to ligate and excise the entire saphenous vein. Due to the increase in coronary artery bypass grafting, retention of the GSV (by performing high GSV ligation and stripping of varicose branches only) has been proposed. 32 Technical error, such as failure to ligate the saphenous vein at a sufficiently high position, can also result in recurrent varicose veins. 33 The selection of surgical treatment for varicose veins should be tailored to the cause of the condition in the individual patient; an inappropriate choice may contribute to the risk of recurrence. If the patient has stasis ulcers there is likely to be perforating vein insufficiency around the ulcer, therefore perforating vein ligation should be undertaken. Patients with deep vein insufficiency and grade 3 -4 regurgitation (assessed using the Kistner classification 20 ) should undergo deep venous valve repair surgery. 34 Patients with previous deep venous thrombosis require careful consideration; treatment selection should be based on the state of blood flow recanalization. Patients with partial recanalization of the occluded vein can undergo conservative therapy and may also be considered for GSV cross transfer. 35 Preoperative evaluation of the aetiology of varicose veins is critical to ensure selection of the appropriate surgical treatment, and colour Doppler ultrasonography and venography are most commonly used for such evaluations. Colour Doppler ultrasonography is easy to use, noninvasive, cheap and can be performed repeatedly without exposure to ionizing radiation; it also has the advantage of being able to detect residual GSV and residual branches. The technique is limited by being operator-dependent and less sensitive than venography for detecting deep venous and perforator valvular insufficiency. 36 Venography provides a complete view of the venous system and enables clarification of the nature and scope of disease. It facilitates observation of the function of superficial, deep and perforating veins and the position of perforating veins, 37 allowing the cause of varicose veins to be confirmed and assisting in the selection of the most appropriate surgical intervention. The widespread use of venography may prove to be beneficial in preventing varicose vein recurrence.
Chronic venous stasis can also affect other tissues in the lower extremities (including muscle and connective tissue), as shown by changes in the ultrastructure and biochemical indicators in the gastrocnemius muscle of patients with varicose veins. 38 Such changes are reflected in decreased muscle pump function and increased venous pressure. Saphenous vein ligation is an effective symptomatic treatment but does not overcome the fundamental problem; in such cases, postoperative adjuvant therapy is a valid measure to reduce the potential for varicose vein recurrence. 39 For example, patients should be encouraged to exercise as soon as possible after surgery: the formation of deep vein thrombosis can be prevented by heparin treatment and early ambulation to accelerate blood flow by the gastrocnemius muscle pump. 40 Elastic stockings should be worn for 3 -6 months after surgery to inhibit dilatation of the superficial veins and deep veins, and reduce the expansion deformation induced by gastrocnemius contraction. 41 In conclusion, the present study found that a high proportion of recurrent varicose veins was associated with reflux in the perforating veins (101/109 legs; 92.7%) or the superficial femoral vein (86/109 legs; 78.9%). Careful preoperative imaging and evaluation are required, in order to select the most appropriate surgical intervention and to tailor therapy to individual patient's
